Purpose Limited data exist for the reconstructive potential of short bone-preserving stems in THA using a minimal invasive posterolateral approach. Our study aim was to assess the effect of stem design on the reconstruction of hip offset and leg length in MIS posterolateral THA. Methods This retrospective consecutive single-surgeon study compares hip offset and leg length, as well as acetabular component positioning (cup anteversion; inclination) of 129 THAs with a cementless standard-length stem (Synergy®) and 143 THAs with a cementless short bone-preserving stem (Trilock®). Results In reference to the contralateral side, the mean difference in hip offset was 0.9 mm (p=0.067) for the standard stem and 0.1 mm (p=0.793) for the short stem, respectively. Leglength discrepancy was 0.7 mm (Synergy®) and 0.9 mm (Trilock®), respectively. A total of 233 (86 %) acetabular components fell within the target zone for anteversion and inclination. Conclusion Accurate component positioning in MIS posterolateral approach THA is possible and is not influenced by the type of stem.
Introduction
Accurate component positioning and reconstruction of physiologic joint mechanics with equal leg length are essential goals of contemporary total hip arthroplasty (THA). Various surgical factors have been reported to influence the occurrence of impingement, dislocation, and wear following primary THA, including surgical experience [1] , operative approach [1] , and design, position and orientation of prosthetic components [2, 3] . Over the last decade, minimally invasive surgical (MIS) approaches using bone preserving stem designs have been introduced because of their potential advantages associated with reduced intra-operative soft-tissue trauma [4] . It could be postulated that the reconstruction of hip offset and leg length is more challenging using a 'broach only' short stem compared to a standard 'ream and broach' stem since reaming allows alignment of the stem along the femoral diaphysis and therefore standardizes the reconstruction of joint biomechanics [5] . In addition, it has been suggested that minimally invasive implantation techniques may be more prone to intra-operative component malpositioning, compromised fixation or neurovascular injury [6] . Despite the growing popularity of minimally invasive implantation techniques and bone preserving stem designs, there is only limited data on the accuracy of component positioning and the reconstructive potential of these implants when a minimally invasive surgical approach is used. Additionally, there are subtle differences in implant design between hip implant manufactures. In some designs, stem offset is decreased and acetabular component offset is increased, compared to others. It has not been studied if this affects the reconstruction of hip offset.
We sought to determine (1) how a short bone-preserving stem compares to a straight standard-length stem in the reconstruction of hip offset and leg length in MIS posterolateral THA, and (2) whether a MIS posterolateral approach allows for accurate positioning and orientation of the acetabular component with reference to reported target zones.
Materials and methods
We retrospectively studied a consecutive single-surgeon series of 325 hips in 290 patients who underwent primary THA between January 2011 and April 2012 for end-stage hip disease. The inclusion criteria were osteoarthritis, rheumatoid arthritis, post traumatic arthritis, avascular necrosis or developmental hip dysplasia (Crowe grade 1) who received either a cementless straight standard length femoral component (group 1: Synergy, Smith&Nephew, Memphis, TN, Fig. 1a ) or a cementless short bone preserving femoral component (Group 2: Tri-Lock, DePuy, Warsaw, IN, Fig. 1b ). Both stem designs offer the option of a standard and high offset neck configuration and were implanted in combination with a hemispheric press-fit acetabular component (group 1: R3, Smith&Nephew, Memphis, TN; group 2: Pinnacle, DePuy, Warsaw, IN). There is a subtle difference between both manufactures in that the implants in group 1 have approximately 2 mm more offset for the neutral acetabular component and less offset for the femoral component. Exclusion criteria were (1) cemented fixation or (2) patients with developmental hip dysplasia (Crowe grades ≥2). Fifty-three hips were excluded as they did not meet the defined inclusion criteria, leaving 243 patients (272 hips: 143 right and 129 left) in the study cohort. There were 123 men and 120 women, who underwent 214 unilateral 19 bilateral and ten staged bilateral procedures. The mean age at time of surgery was 61 years (range, 22-87 years) and the mean BMI was 28.8 kg/m² (range, 19.8-48.4 kg/m²). In all patients, a minimally invasive posterolateral approach in lateral position was used as previously described [7] . During cup implantation, the surgeon (FB) aimed for a cup position with 20°of anteversion and 40°of inclination and attempted to restore hip offset according to the opposite side. The senior author reamed to the floor of the fovea acetabuli to reproduce preoperative templating (tear drop) and avoid excessive medialisation of the centre of rotation [8] . Leg length was intra-operatively determined by measuring the distance between the lesser trochanter and the centre of the femoral head. No intra-operative radiographs or image-based navigation were used. The study was approved by the institutional review board.
For all patients, anteroposterior (AP) pelvis and cross-table lateral radiographs were taken pre-operatively and at eight weeks postoperatively following standardized institutional protocols. A metal calibration sphere of 25 mm was positioned on the inner thigh to correct for effects of magnification. The crosshair of the beam was centered on the pubic symphysis in supine position and both legs were internally rotated by approximately 15°to position the femoral neck in the coronal plane.
Postoperative AP pelvic radiographs of all patients were reviewed and radiographic measurements were performed on a picture archiving and communication system (PACS) with commercial planning software (Sectra IDS7; Sectra, Linköping, Sweden). Cup version (CV) was analysed on AP pelvic films as described by Lewinnek et al. [9] and recently validated by Lu et al. [10] . Using a best fit ellipse tool (ImageJ software v1.46, NIH) cup version was calculated as arcsin of the short versus the long leg of the ellipse. Relative ante-or retroversion was also assessed on cross-table lateral radiographs utilizing the technique described by Yao et al. [11] . Cup inclination (CI) was measured in relation to the horizontal interteardrop reference line. The target zones for anteversion and inclination were defined as 10-30°and 30-50°, respectively. Femoral offset (FO) was measured as perpendicular distance from the center of the femoral head to the femoral shaft axis [12] . For measurements of acetabular offset a vertical line through the teardrop perpendicular to the interteardrop reference line was drawn and the perpendicular distance from this line to the center of the femoral head was measured (Fig. 2) . Hip offset (HO) was defined as the sum of acetabular and femoral offset [13] .
For measurements of leg-length discrepancy, the interteardrop line was used as horizontal reference. The difference between the vertical distances from the reference line to the most prominent point on each lesser trochanter defined the leg-length discrepancy (Fig. 2 ). Values were reported with reference to the contralateral hip, with positive values indicating relative lengthening and negative values indicating relative shortening of the operated side. The contralateral hip was classified as (1) hip without or minimal joint space narrowing (Tönnis grade ≤1), (2) hip with joint space narrowing (Tönnis grade ≥2) or (3) contralateral THA.
Intra-and interobserver reliabilities for repeated measurements were assessed by two independent and blinded observers for 20 randomly selected sets of radiographs. Intraand interobserver reliabilities for the grading scores were evaluated by two independent blinded observers for all radiographs. For intra-observer reliabilities, grading and measurements were performed at two occasions separated by a minimum of four weeks. For repeated measurements, intraclass correlation coefficients (ICC) were calculated using a twoway mixed model with 95 % CIs. Single measures are given for intra-observer calculations and average measures for the interobserver calculations.
For statistical analysis, absolute mean values are expressed in mm (FO, AO, HO) or degrees (CI, CV) with 95 % confidence intervals (95%CI). Differences in mean FO were expressed in absolute (95%CIs) and relative (%) values. The Kolmogorov-Smirnov test was performed to test for normal distribution of variables. As not all variables met the criteria for normal distribution, the Mann Whitney U-test was used to compare the distribution of variables. Results with p values <0.05 were considered as statistically significant, and p values of <0.001 were considered as highly significant. Scatter plots and were used to evaluate associations between continuous variables. Statistical tests were carried out using SPSS® 17.0 software for Windows® (SPSS Inc, Chicago, IL, USA).
Results
Excellent interobserver and intra-observer intra-classcorrelation coefficients were observed for all analyzed parameters (Table 1) .
Accurate reconstruction of hip offset and leg length was observed for both stem designs. There was no (Table 2) . In 260 hips (96 %) the femoral component was positioned neutral to 3°of varus with reference to the femoral shaft axis. One stem was in 6°of valgus. The remaining 11 were positioned between 4°of varus and 9°of varus.
For the entire cohort, the operated side was relatively lengthened by a mean of 0.8 mm (95%CI 0.5-1.1). Leg length was similarly (p=0.973) reconstructed in both groups with mean LLD of 0.7 mm (95%CI 0.2-1.2) in group 1 and mean LLD of 0.9 mm (95%CI 0.5-1.3) in group 2, respectively. After exclusion of cases (n=79) with contralateral joint space narrowing, leg length was reconstructed within the range of −2 mm (short) to 2 mm (long) in 159 (82 %) cases. When a leg length discrepancy of ≤4 mm (short or long) was chosen as cut-off, 183 (95 %) cases were reconstructed in this range.
The minimally invasive posterolateral approach allowed for safe and accurate positioning of the acetabular component. For the entire cohort, mean inclination was 45.7°(95%CI 45.2-46.2) and mean cup anteversion was 23.3°(95%CI 22.7-23.9). Inclination ranged from 32°to 57°and cup anteversion from 7.9°to 38.1°, respectively. There were 248 (91 %) acetabular cups that fell within the optimal inclination range of 30°to 50°, and 257 (95 %) cups that fell within the optimal version range of 10°to 30°. A total of 233 (86 %) cups fell within the optimal range for both inclination and anteversion (Fig. 3) .
Discussion
Although straight standard length cementless stems have successfully been used over the last two decades [14] , short bone preserving cementless stems have become increasingly popular to address some of the limitations encountered with longer stem designs. Short stems potentially preserve more bone stock, improve proximal load transfer, optimize bone remodeling especially in the older population and decrease stress shielding [15, 16] . Furthermore, short stems may be easier to insert through smaller, minimally invasive incisions. Despite the popularity of those short bone preserving femoral implants, there is, to the best of our knowledge, no study in the literature that critically assessed the accuracy to reconstruct hip offset and leg length using a minimal invasive posterior approach.
Our study is the first to demonstrate that both stems allow for accurate reconstruction of the center of rotation, acetabular offset and femoral offset with reference to the contralateral side. The study also shows that acetabular offset was Table 2 Mean values for hip offset, acetabular offset and femoral offset for groups 1 and 2 Measure Group 1 (Synergy; Differences in offset = offset contralateral hip -offset reconstructed hip consistently reduced by using the floor of the fovea acetabuli as a landmark for medialisation of the acetabular component ( Table 2 ). The floor of the fovea acetabuli is a reference point that can easily be visualized both during pre-operative templating and intra-operative cup preparation. It also improves equatorial cup press-fit, primary mechanical stability [17] and secondary osteointegration [18] . Consequently, femoral offset was increased to reconstruct overall hip offset. Furthermore, the study demonstrates that leg length was restored in the majority of patients. These findings are of clinical relevance as the association between reconstruction and implant failure is well understood but longer follow ups for short stems are still rare [19, 20] . In a RSA migration study Röhrl et al. [21] , reported on the twoyear results of a short femoral component and concluded that the low migration would suggest a favourably long-term outcome. Lombardi et al. [22] published the promising results for a short tapered stem at a mean followup of 7.3 months. For standard length stems, several studies have demonstrated that using a MIS approach does not compromise the long-term clinical and radiographic outcome when compared with conventional incision techniques [23, 24] . With regard to the reconstruction of leg length, our results compare favorably with a report of Licini et al. [25] who described 0.3-mm leg lengthening using navigation. This is the first study to describe the cup position with reference to the reported target orientation for inclination and anteversion using a MIS posterolateral approach in a large number of patients. In the majority (86 %) of cases the MIS posterolateral approach allowed for safe and accurate positioning of the acetabular component without the use of navigation. Recently, there has been much debate about 'safe' and accurate positioning of the cup. DiGioia et al. [26] reported that only 22 % of acetabular cups implanted in primary THA using a standard posterolateral approach were within the suggested Lewinnek safe zones of 30-50°inclination and 5-25°anteversion. This is in contrast to a report of Bosker et al. [27] who stated that 71 % of implanted cups were positioned within the safe zone. Wenz et al. [28] defined optimal inclination between 35°and 55°and could demonstrate that via a MIS posterolateral approach 94 % of cups were implanted within the targeted range. Wenz et al. [28] were the first to report on cup inclination using a MIS approach to the hip but they did not measure cup version. In the present study, we defined the target zone for cup anteversion between 10°and 30°which is in contrast to Lewinnek's suggested safe zone of 5°to 25°. The slightly higher targeted anteversion reflects the surgeon's goal to achieve 20°anteversion in an attempt to reduce the incidence of posterior dislocation.
Our study has the following limitations: first, we only assessed acetabular version but not femoral version because there was no three-dimensional imaging available; second, measurements of component positioning on AP pelvic radiographs are based on the coronal plane of the pelvis on the table. There was no device used to bring the anterior pelvic plane parallel to the film as originally described by Lewinnek et al. [9] . Thus, obliquity due to spinal deformities and pelvic tilt are not accounted for which might affect the measurement accuracy for cup version [29] . However, Lu et al. [10] demonstrated that standard AP pelvic radiographs without the use of such a device allow for reliable and accurate measurements of acetabular orientation in relation to computed tomography (CT). Postoperative crosstable lateral radiographs were used to validate the degree of cup anterversion/retroversion [11] . Standardization of cross-table lateral radiographs can be challenging because of the necessity to flex the contralateral hip and because of the effect of pelvic tilt on cup version. Despite these potential sources of error, Ghelman et al. [30] demonstrated that measurements of cup version on radiographs correlated with those on computed tomography with radiographs resulting in a mean of 8.7°more anteversion. Therefore given that the lowest version was 18.7°in the present study, it is very likely that all cups were actually placed in anteversion.
In conclusion, the current findings suggest that both straight and bone preserving stem designs enable accurate reconstruction of hip offset and leg length using a MIS posterolateral approach. The present study further demonstrates that the used minimally invasive posterolateral approach allows for accurate positioning of the acetabular component with reference to reported target zones for cup version and inclination. 
